Abstract. As a technique of uncertainty inferring, D-S evidence theory is widely used in the region of information fusion. The problem is how to create the basic probability assignment function (BPAF) of evidence. A technique based on the membership function that can generate BPA is given. It is used to recognize optical target by extracting the peak power, pulse-broaden and flicker variance of the echo of active laser detection. The preponderances of non-imaging laser detection are high-precision, high-flexibility, and anti-electromagnetic interference, and that the cat's eye optical target is easy to be detected. Consequently, this paper presents the active probing of cat's eye target as an example. Firstly, the BPA of evidence is got by fuzzy theory. Then the result is got through combining them together by evidence theory. The experiment indicates that the technique can discriminate the cat's eye target exactly and improve the efficiency of recognition compared to identification with single attribute.
Introduction
D-S theory is a mathematical theory established by Dempster and Shafe in the end of 1960s and the beginning of 1970s, and generally this theory is used in the decision-level information fusion. It is an extension of the probability theory and is used to calculate the uncertain problems, fitting for expert systems, artificial intelligence and region of system decision [1, 2] etc. In D-S evidence theory, the probability meaning uncertainty concept can be assigned to the event that is unknown. The frame of discrimination can indicate the uncertainty of a certain system or device. BPA is the carrier of evidence uncertainty. It is a key step to determine the support grade of proposition after getting the evidence. The value of BPA can signify the inference result of the degree of credibility about the target assumption. This judgment is affected by various factors, such as the environment around the target, the type of the sensors and so on. Many researches have been made to get the BPA with methods of neural network and the clustering of mean value of fuzzy C [3, 4, 5, 6] etc.This paper presents a method to get the BPA with fuzzy theory, and then it is applied to fuse the multi-attribute of the echo of cat's eye target with D-S theory.
Basic Concepts
Evidence Theory. The frame of discrimination is 1 2 { , ,..., } n H H H Θ =
. Its sub-propositions are mutually exclusive and can be counted. Every one of the proposition set can be assigned a basic probability assignment value ( ) is called mass function, and that it also can be called basic probability assignment function (BPAF), it meets [7] :
the power set of the frame of discrimination, it is the number of all subsets of Θ . And Φ is null set. A key step of D-S theory is to combine evidences. Evidence combination is a process of information fusion. Assuming U and V are two propositions of Θ , and two sensors are used here, then:
is still an evidence. This expression is named as Dempster-Shafe formula. The parameter K is to normalize the combined evidence. When the conflict exists between two evidences, namely K approximating to 1, the section of conflicting should be set 0, and the rest of mass are normalized by 1 
K
− . Some improved methods about rule of evidence combination are researched [8, 9] .
Fuzzy Theory. Boundary fuzzy is the basic difference between fuzzy set and classical set, which means that an element can belong to a fuzzy set or not. For a domain of discourse area U, the any mapping of the closed interval from 0 to 1 could determine a fuzzy subset, the (
T u is called the membership function of the fuzzy subset T. The value indicates the degree of the membership of x belonging to T. The closer it is to 1, the degree of membership is higher and vice versa. If there are two kinds of targets, namely A and B, the membership functions of which are A µ and B µ separately, then the unknown probability of target is:
After normalizing, the BPA of a certain attribute can be gotten form Eq. 4, i is the index of a certain sensor or attribute of target, and A and B are the type of targets. The normalization guarantees that the summation of BPA is 1. Then D-S evidence theory can be used to combine the evidence in the process of decision-level fusion.
Triangle function, index function, and Gauss function are the common forms of membership function, it depends on the real condition to determine that which kind of function will be used. 
Experiment and analysis
In the case that the system observes an optical cat's eye target [11] , many attribute values that are helpful to target recognition can be gotten by processing and analyzing the echo signal, such as peak power, pulse-broaden, flicker variance and so on. The three attributes of echo indicate different features of the optical target. For example, the peak power shows the reflectivity of the target. Moreover, the pulse-broaden can express the depth of distance of the target. The flow chart of the target recognition using fuzzy evidence theory is as follow referring to Fig. 1 . The flow chart of the information fusion of target recognition In this experiment, the sensor was a laser detector aiming at wave length of 1064nm, and the target was a cat's eye target and the background was supposed as the diffused reflector. The three attributes mentioned before were used to judge the type of the target. The purpose of this test is to estimate if the object is a cat's eye target or not. For getting the extent of matching of every attribute, the membership function of Eq. 5 was used:
In this formula, z is the value of measurement, ( , ) µ σ are the mean value and variance. The measurement of attributes are showed in Table 1 , here A1, A2, and A3 are on behalf of the peak power, pulse-broaden, and flicker variance separately. Table 2 . After normalizing, the BPA of a certain attribute can be gotten form Eq. 3.The fusion result generated by the three target attributes are as follow in Table 3 . ( ) m Φ is decreasing that means the reduction of the system uncertainty. The result shows that the result of calculation is matched with the experiment. We can make a summary: 1) Multi-attribute judgment is more efficient and exact than single attribute.
2) The method that combined fuzzy set theory with evidence decision is credible to some extent.
Conclusion
In this paper, fuzzy theory and evidence theory are combined to overcome the shortage during application of the D-S theory. A technique based on fuzzy set theory and the membership functions that can generate BPA is given. Then the BPA of evidence is combined with D-S theory to make decision. Moreover, the validity and efficiency of the method are tested and verified through experiment. The problem is that triangle membership function is not the optimal choice, the more accurate method is expected to be found. In the next step, combining fuzzy evidence theory with other relevant theory is a significant way to solve problems in decision-level information fusion.
